A B S T R A C T To define the characteristics of isolated glomerular basement membrane (GBM), immunohistochemical and morphometric analyses have been carried out on rat and human tissues. Site-specific arrays of antigens were identified in detergent-isolated GBM in a distribution similar to that observed in intact kidney. In the human, fibronectin, procollagen IV, and collagen V were observed along the internal aspect of GBM continuous with antigenic sites in the mesangium. Another array of antigens was identified in the GBM but not within the mesangium-Goodpasture's antigen, bovine lens capsule type IV collagen, and amyloid P component. In addition, sites reactive with rabbit antiserum to laminin were present on both sides of the lamina densa as well as within the mesangial region. Actomyosin, a presumed mesangial cell antigen persisted in the mesangium of isolated GBM. Mesangial matrix was identified in detergent-isolated GBM in an amount equivalent to that present in intact glomeruli. Sonicated GBM contained the same antigens but it was not possible to quantitate the amount of mesangial material by immunofluorescence or morphometric analysis. The thickness of the lamina densa was greater in sonicated and detergent-treated rat GBM preparations than in native rat kidney. These studies demonstrated that isolated GBM is heterogeneous with respect to its antigenic constituents and in addition contains mesangial matrix, which is morphologically and immunohistochemically distinct from peripheral GBM.
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lium, plays a decisive role in regulating the movement of macromolecules into the urinary space. The relative ease with which GBM has been isolated by ultrasonic disruption and, more recently, by detergent extraction has led to numerous studies of its biochemical composition and structure (1) (2) (3) (4) (5) (6) (7) . Controversy over the structural relationship of collagen and noncollagen moieties has not been resolved (6) , although genetically distinct species of basement membrane collagen have been characterized (7) . Distinct antigenic species of biochemically similar collagens have been suggested by our recent immunohistochemical studies (8) .
Recently, discrete collagen and glycoprotein antigens have been demonstrated in site-specific arrays along the glomerular capillary wall and within the mesangium (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . It has not been clear whether these antigens are intrinsic components of the GBM that correspond to isolated moieties or are altered and perhaps lost during isolation by either sonication or detergent extraction. However, amyloid P component has been identified in collagenase-digested preparations of GBM (18) . Our current studies demonstrate that isolated GBM is heterogeneous, containing arrays of collagen and glycoprotein antigens similar in distribution to those present in intact tissue, and mesangial material in a proportion similar to that present in intact glomeruli. The antibody probes used in the study were selected on the basis of known reactivity with glomerular structures in tissue sections. High-resolution phase contrast and indirect epifluorescence were used to localize specific antigens in rat and human preparations as previously described (8, 11, 12) .
Affinity-purified rabbit antibodies with specificity for the following antigens were used: human placental type V (aAaB) collagen (antibody reacting only with the combined aAcAB collagen, but not the denatured a-chains, suggesting a conformational determinant (8); type IV pro-collagen (P-IV) derived from the EHS mouse sarcoma (8) ; and laminin (11) . These antibodies were cross-absorbed with the other antigens and types I and III collagen, and were nonreactive with other enzyme-linked antigens by immunoassay (ELISA) (21) . These antibodies were provided by Dr. J. M. Foidart (Liege, Belgium) and Dr. G. R. Martin (National Institute of Dental Research, Bethesda, MD). Affinity-purified rabbit antibody to fibronectin was nonreactive with laminin and P-IV on ELISA, and was provided by Dr. Leo Furcht (University of Minnesota). Anti-serum to the type IV collagen from bovine lens capsule (BLC IV) was provided by Dr. N. A. Kefalides (Philadelphia, PA). This antibody was nonreactive with types I and III collagen by radioimmunoassay (22) , and clearly differed in tissue distribution from the P-IV antibody (8) . Rabbit antiserum to amyloid P component was provided by Dr. Merrill D. Benson (Indianapolis, IN) (23, 24) .
Uterine smooth muscle actomyosin was characterized by ATPase activity and gel electrophoresis and the antiserum by immunodiffusion and absorption (9, 25) . These antibodies and antisera were localized with fluorescein-isothiocyanatelabeled (FITC) goat anti-rabbit IgG (N. L. Cappel Laboratories, Cochranville, PA). The eluted Goodpasture's (GP) antibody, which did not react with laminin or P-IV (10), was applied and localized with FITC rabbit anti-human IgG as previously reported (12) . Sections were also stained with FITC-labeled goat anti-human albumin (26) . Terms used to describe the immunofluorescence patterns include: double linear (DL), two discrete lines along the peripheral GBM; single linear (SL), linear staining within the peripheral GBM; internal (I), linear staining along the internal aspect of the peripheral GBM, which merges with antigenic sites in the mesangium.
Morphometric analysis. Cortical slices from five randomly selected rat kidneys, isolated glomeruli, and GBM were fixed in 1% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, and processed for electron microscopy as previously described (27) . GBM thickness was measured by the orthogonal intercept method of Jensen et al. (28) . The total GBM thickness in intact kidney was measured as the distance from the endothelial cell to the epithelial cell. The central electron dense material in these sections defines the thickness of the lamina densa; this term was also applied to electron dense material in isolated GBM. The proportions (fractional volumes) of GBM and mesangial matrix were assessed on random sections of intact kidney, isolated glomeruli, and isolated GBM using a grid and point counting technique; the mesangium and GBM were defined as previously described (29) . The data are presented as the proportion (or fractional volume) of points falling on one component compared to the total number of points falling on all three. At least three and usually five to seven glomeruli or zones were examined in these analyses. Values are expressed as mean±SD and probabilities were calculated using the Student's t test.
RESULTS
Morphometric studies. Electron microscopy of rat GBM preparations isolated by detergent extraction FIGURE 1 Electron micrograph of rat GBM isolated by detergent extraction (X13,000). Note the significant inclusion of mesangial matrix material. Abbreviations: US, urinary space; MM, mesangial matrix; CL, capillary lumen.
demonstrates this material to be ultrastructurally and spatially intact, free of cell membranes, and containing GBM as well as recognizable electron dense matrix material in intact mesangial zones (Fig. 1) . The thickness of the rat lamina densa (mean±SD-85±5 nm) was similar to that in isolated glomeruli (88±4 nm), but was significantly increased in GBM derived from sonication (104±3 nm, P < 0.001) or detergent-extraction (93±5 nm, P < 0.05). The mesangial matrix constituted 39±6% of the total (matrix plus GBM) in both isolated rat glomeruli and GBM isolated by detergent extraction; this percentage was greater than that observed in intact kidney (24±4; P < 0.001).
Immunofluorescence microscopy. An analysis of the antigens present within human glomeruli and isolated GBM is given in Table I . These results are a composite of the findings in both human kidneys. In material isolated by detergent extraction as well as in glomeruli of intact tissue actomyosin was localized almost exclusively in the mesangium ( Fig. 2A, B) . P-IV, aAaB, and fibronectin were present in the mesangium, and the inner aspect of the GBM (Fig. 2C,  D, Figs. 3 and 4) . The location was appreciated by visually alternating phase-contrast and epifluorescence or by superimposing the images photographically, revealing that the linear immunofluorescence was along the internal aspect of the phase-dense image FIGURE 2 Antigens in human GBM isolated by detergent extraction. A, B: Actomyosin is present within the mesangium as seen by immunofluorescence alone (A) or in the same section with phase-contrast microscopy (B). Small arrows denote the mesangial region (X400). C, D: P-IV is observed along the GBM (large arrows) and within the mesangial region (small arrows) as seen by immunofluorescence alone (C) or in the same section in combination with phasecontrast microscopy (D). The latter demonstrates the linear fluorescence to be along the internal aspect of the phasedense image of the GBM (X700). E, F: BLC (IV) is present along the full width of the GBM as shown by immunofluorescence (E); note that the fluorescent image has the same configuration as the phase dense line of the GBM as demonstrated by phase-contrast microscopy alone (F) (X700). Combined immunofluorescence-phase contrast is not illustrated since the fluorescence juxtaposes the phase-density; to illustrate the latter a higher transmitted light intensity is necessary, and this obscures the reflected-fluorescent image.
of the GBM. In contrast, the BLC-IV localized, in both intact tissue and isolated material, to the full thickness of the GBM as demonstrated by superimposition of the linear fluorescence with the phase-dense image of the GBM (Fig. 2E, F) . GP antigen and amyloid P component were present in a SL pattern in the GBM but Antigens in Glomerular Basement Membrane Note that positive immunofluorescence for P-IV is seen in the mesangium (M) and along the internal aspect (small arrow) of the lamina densa (large arrow). The nonfluorescent phase "halo" is visible along the epithelial part of the lamina densa as seen in B, whereas the white line along the internal aspect of the GBM is specific immunofluorescence as in A, and not a "halo" effect (X900).
not in the mesangium. Laminin was present primarily in a DL pattern on both sides of the phase-dense portion of the GBM as visualized by phase-contrast microscopy and to a lesser degree within the mesangium. The GBM of intact tissue in sonicated or detergentextracted material also stained positively (1-2+) for albumin.
Although the normal anatomy of the glomerulus was generally disrupted after sonication, there was an adequate number of areas in which the normal relationships of the mesangium and GBM could be identified. Sonicated material contained all of the antigens previously noted in a distribution similar to that present in detergent-extracted material. However, it was not possible to quantitate the amount of mesangial material in sonicated preparations by morphometric analysis or by immunofluorescence microscopy. In GBM isolated by either technique, a relative increase in staining intensity in the GBM was observed with all reagents.
Immunofluorescence similar to that seen in human tissue was observed when sections of intact rat kidney or detergent-extracted material were stained with antisera to P-IV, aAaB, fibronectin, actomyosin, and GP antigen. In contrast to the human, SL staining was observed with anti-laminin and anti-BLC-IV stained the mesangium more intensely than it stained the GBM.
DISCUSSION
Isolated GBM is a heterogeneous structure containing site-specific arrays of different antigens that bear the same relationship to the lamina densa as that seen in thin tissue sections using phase-contrast immunofluorescence microscopy. Indeed, an array of antigens that includes P-IV, aAaB, and fibronectin appear to be along the internal aspect of the phase-dense image of peripheral lamina densa and contiguous with the same antigens in the mesangial matrix. In contrast, the linear immunofluorescence observed with antisera to BLC-IV superimposes the phase-dense GBM. The reason that antibody to P-IV and antibody to BLC-IV react with distinctly different loci within the glomerulus is unknown. It is likely that the antigenic determinants are present in different sites, although it is also possible that the noncollagen domain of P-IV reacting with the antibody is unexposed in the GBM. GP antigen and amyloid P component are also seen in a SL pattern along the GBM but not in the mesangium, whereas laminin is present on both sides of the lamina densa in a DL pattern and in the mesangium. Even actomyosin persists in the mesangium of isolated GBM, demonstrating that the mesangial zone contains components derived from the mesangial cell in addition to matrix material.
The sharing of certain antigens by the peripheral FIGURE 4 Immunohistochemical analysis of human GBM isolated by detergent extraction. Tissues stained with antisera reactive to: (A) type V collagen (X600); (B) IV-BLC collagen (X500); (C) fibronectin (X700); (D) laminin (X700); (E) GP (X500 (30) . Indeed, in the present study albumin was detected in the GBM of intact tissue as previously reported (26) but was also demonstrated in detergentextracted and sonicated GBM, confirming prior results obtained by radioimmunoassay on collagenase-digested GBM (30) . The mechanism of binding of albumin to normal GBM or, in significantly higher amounts, to diabetic GBM is unknown. Nevertheless, these findings support the concept that certain antigens in GBM (e.g. fibronectin and amyloid P component) might be derived from plasma although there is no information at present to prove or disprove this hypothesis. However, it is unlikely that this mechanism plays a role in the localization of collagen and glycoprotein antigens described in this paper.
In addition, our immunohistochemical and morphometric studies demonstrate that a large proportion of the material present in detergent-isolated GBM is mesangial material. Although previously recognized by transmission electron microscopy (31) , the current studies demonstrate that detergent-isolated GBM contains mesangial material in an amount at least equivalent to that present in intact glomeruli. The higher percentage of matrix in isolated glomeruli and GBM compared with that in intact tissue may represent a sampling defect or may be a consequence of the isolation procedure. An accurate assessment of the total GBM thickness after either isolation procedure in the rat was not possible because lamina rarae cannot be visualized by standard electron microscopy. The apparent lamina densa in these preparations was significantly increased in thickness, however. This may reflect swelling in detergent-treated GBM; in sonicated preparations "fraying" of the basement membrane has been noted previously (19) .
Our morphometric and imrnunohistochemical data do not permit an assessment of the absolute amount of the various antigens present within the GBM nor the relative change in components induced by the isolation procedure. In addition, the exact relationship of these antigens to the lamina densa and the lamina rara interna and externa must await further analysis and the refinement of immunoelectron microscopic techniques. The results of this investigation bear directly on the interpretation of studies of isolated GBM-a heterogeneous structure. For example, attempts to define changes in diabetic GBM on the basis of compositional studies alone have led to conflicting results (32-34)-a situation perhaps not unexpected in view of the number of antigenic components now recognized in isolated material as well as the fibrotic nature of the kidneys used in these studies. An alteration induced by disease in one antigenic component of a heterogeneous structure may not be recognized by standard biochemical analyses of the whole structure, especially if the particular component is present in relatively low concentrations. In this context, the demonstration of heparan sulfate in GBM by morphologic techniques (3) preceded its recognition and isolation by biochemical analysis.
At present, the relationship of these antigens, recognized by immunofluorescence, to biochemically-isolated components from GBM is largely unexplored. More importantly, the occurrence of site-specific arrays of antigens provide the foundation for future studies regarding the role of individual components in the regulation of macromolecular transport and in specific disease states.
